ABSTRACT
Introduction
The operations of the liver, especially the resection and transplantation, are usually performed with temporary occlusion of the hepatic hilum to prevent bleeding. However, this occlusion leads to ischemia followed by reperfusion, which can cause damage to hepatocytes and distance, often worsening the clinical situation of patients 1, 2 . The process of ischemia for many years has been studied and the knowledge about its physiopathology has evolved so considerable 3 . The reperfusion, logical step in dealing with any situation of ischemia, is now regarded as an important factor in the deterioration of the framework for local and systemic injury since predisposes to the formation of the so called reactive oxygen species that are responsible for direct tissue injury 4 . This knowledge has led many researchers to search for a method capable of minimizing the damage caused during reperfusion, and highlights the use of some drugs for this purpose 5 . However, there is no medicine to benefit large enough to use in clinical practice for patients with ischemia 6 . Recently, Zhao et al. 7 proposed a method to achieve this purpose, called postconditioning (IPo), based on studies of preconditioning (IPr) provided by Murry et al. 8 . The postconditioning is the achievement of one or more short reperfusion periods inserted by one or more short ischemia periods, made soon after the ischemia phase and before reperfusion phase.
This method was used successfully in myocardial 7 , brain 9 , kidney 10 , spinal cord 11 , intestine 12 and, recently, just one study that demonstrate its efficacy in liver 13 ischemia and reperfusion, which justifies this study.
Purpose
To evaluate the protective effect of postconditioning in hepatic ischemia and reperfusion process in rats.
Methods
The research received approval from Ethic Committee of Federal University of Mato Grosso do Sul and was followed ethical principles advocated by Brazilian College of Animal Experimentation.
Was used 25 rats (Rattus norvegicus albinus, Rodentia, Mammalia), Wistar, male, adult, from the labs of Federal University of Mato Grosso do Sul.
The animals were distributed into three groups: group A (ischemia and reperfusion -I/R), with 10 animals, group B (postconditioning -IPo), with 10 animals and group C (Sham) with 5 animals. The rats were weighed and then anesthetized by intraperitoneal injection of 2:1 soluction of ketamine hydrochloride (Cetamin ® ), 50mg/ml, and Xylazine hydrochloride (Xilazin ® ), 20mg/ml, respectively, in the dose of 0.1ml/100g. The rats were operated after having observed the loss of palpebral reflex, loss of response to mechanical stimuli, loss of reflexes of straightening and removal of the member after painful stimulus caused by gripping.
After anesthetized, there was abdominal trichotomy and positioning of the animal on the operating table in supine position, with four members in abduction.
In all animals there was longitudinal median laparotomy of approximately 4cm to access the abdominal cavity. In the group C animals was held hepatic hilum manipulation only and closed of abdominal cavity; after 90 minutes was held laparotomy again to remove hepatic fragment and blood sample. In other rats the hepatic hilum was dissected and isolated and an atraumatic clamp was applied, starting the ischemia phase that lasted 30 minutes. During the ischemia, the abdominal cavity was closed, thus avoiding water loss and hypothermia. Completed ischemia phase, the abdominal cavity was opened again for the removal of the vascular clamp and it begins the reperfusion phase, lasting for 60 minutes. Only in group B was held the postconditioning by 3 cycles of reperfusion inserted by 3 cycles of ischemia, with 30 seconds each one. The reperfusion and ischemia were made by the removal and reapplication of vascular clamp on the hepatic hilum. Started reperfusion, the abdominal cavity was closed again until the end of experiment when blood samples were collected for assay of enzymes Aspartate aminotransferase (AST) and Alanine aminotransferase (ALT) and a liver fragment was resected and placed on formaldehyde at 10% solution for further histological analysis. The animals were submitted to euthanasia for the deepening of the anesthetic level.
The strengths of the liver enzymes were performed at the Laboratory of Clinical Analysis of the University Hospital of the Federal University of Mato Grosso do Sul.
The liver samples were properly prepared, stained (hematoxylin-eosin) and the slides were examined blindly by the pathologist. The specimens were scored according to the histological extension of the lesion as follows: 0 when there was no histological changes; grade 1, centrolobular congestion; grade 2, centrolobular congestion with some degeneration of hepatocytes, in one or two central vein and grade 3, multifocal centrolobular and portal congestion and degeneration of hepatocytes.
The results were submitted to statistical analysis by t Student test, considering significant p <0.05.
Results
Macro and microvesicular steatosis were seen in some cases, mainly peri terminal hepatic venule, and this finding was not correlated with histological scores. No inflammation was seen. The animals of group Sham presented no tissue injury. In group A were obtained grades 1 and 2 of lesions, with average of 1.6, while one animal in group B presented no injury and the others had lesions grade 1 and 2, averaging 1.1 ( Table 1) .
Evaluation of serum ALT showed a statiscally significant difference between groups. In group A the average was 355U/l, in group B 175.9U/l and in group C 65.2U/l ( Table 2) .
The determination of AST also showed statiscally significant difference between three groups. In group A the average was 582.8U/l, in group B 295.5U/l and in group C 138.6U/l (Table 3) . The Figures 1 to 3 show the histological changes in the groups. 
Discussion
Situations such as transplantation and hepatic resections, performed under hepatic hilum clamping naturally lead to reperfusion, with all the negative consequences related to it. Avoid or minimize such effects is crucial and has been the subject of numerous studies.
The IPr made by Murry et al. 8 was of great value in this respect, and served as the inspiration for the creation of the IPo described by Zhao et al. 7 , which has been used successfully in situations of ischemia and reperfusion.
Elevated levels of AST and ALT is observed experimentally in hepatic ischemia and reperfusion 2, 14 , which is also observed in group I/R of this research, whereas in the Sham group there was no elevation of these enzymes. In group IPo, levels of AST and ALT were increased with lower intensity, demonstrating the protective effect of this procedure in hepatic ischemia and reperfusion.
The cellular changes of hepatocytes subjected to ischemia and reperfusion can be evaluated histologically, as already demonstrated in other studies 2 . We found in this study histological changes in groups I/R and IPo, but with less intensity in this, while rats in the Sham group no changes were observed. These findings corroborate the results observed in relation to enzymatic changes, confirming the protective effect of IPo in hepatic ischemia and reperfusion.
In Brazil, Teixeira et al. 13 also evaluated the postconditioning effect in rat liver, demonstrating its protective capacity. However, using different methods, using 60 minutes of ischemia, 120 minutes of reperfusion and postconditioning with 5 cycles of reperfusion and ischemia with 5 seconds each one. Also the method of evaluation was different, determination of malondialdehyde level and expression of the glutathione-stransferase-a-3 gene.
A poor number of researches about hepatic postconditioning makes hard comparation between them, and be impossible to compare the method of use postconditioning. Similarly, in studies of IPr and IPo of other organs, there is great variation in the time of ischemia, time of reperfusion, number and time of cycles of ischemia and reperfusion, without, however, this leads to compromise the outcomes.
As has been demonstrated in situations of intestinal ischemia and reperfusion 12 , renal 13 , cerebral 9 and spinal cord 11 , also in the liver of rats we can see the capacity of IPo of to minimize the damage resulting of this process.
Conclusion
The postconditioning was able to minimize the severity of liver injury in rats submitted to ischemia and reperfusion.
